Cold ions of plasmaspheric origin have been observed to abundantly appear in the 23 magnetospheric side of the Earth's magnetopause. These cold ions could affect the magnetic 24 reconnection processes at the magnetopause by changing the Alfvén velocity and the 25 reconnection rate, while they could also be heated in the reconnection layer during the 26 ongoing reconnections. We report in situ observations from a partially crossing of a 27 reconnection layer near the subsolar magnetopause. During this crossing, step-like 28 accelerating processes of the cold ions were clearly observed, suggesting that the inflow cold 29 ions may be separately accelerated by the rotation discontinuity and slow shock inside the 30 reconnection layer. 31
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Abstract 22
Cold ions of plasmaspheric origin have been observed to abundantly appear in the 23 magnetospheric side of the Earth's magnetopause. These cold ions could affect the magnetic 24 reconnection processes at the magnetopause by changing the Alfvén velocity and the 25 reconnection rate, while they could also be heated in the reconnection layer during the 26 ongoing reconnections. We report in situ observations from a partially crossing of a 27 reconnection layer near the subsolar magnetopause. During this crossing, step-like 28 accelerating processes of the cold ions were clearly observed, suggesting that the inflow cold 29
Observations and Results 68 shock to the subsolar dayside magnetopause. The IMF was steadily southward after 17:00 71 4 UT (B z  10nT), the solar wind dynamic pressure was initially typical (P SW  5nPa) but 72 then fell to unusually low values ( 0.1nPa) ( Fig. 1a and b) . We have projected polar maps 73 of ionospheric total electron into the equatorial plane using the same procedure as in Walsh 74 et al. [40] (except a more adaptive magnetic field model [41] contacted the near-noon magnetopause but this was not the case later in the period (see also 85 extended data in supplementary materials). The blue line in Fig. 1(c) is the inbound pass of 86 spacecraft E of the THEMIS mission, which was close to the noon-midnight meridian and 87 subsolar region ( Fig. 1d and e) . The mapping used in Walsh et al. [40] assumed that density 88 variations in the topside ionosphere form fully field-aligned structures that map all the way 89 to the equatorial plane. If this assumption is valid, THEMIS-E should have detected 90 ionospheric plasma just inside the magnetopause during this pass. Figure 2 not only 91 confirms that this was the case, it tells us about the subsequent evolution of this plasma. 92
THEMIS-E first encountered energetic magnetospheric ions (see Fig. 2e at energy E 10 4 eV) 93 around 18:17:50 and the magnetosheath current sheet at 18:21:50 (see Fig. 2a) Fig. 2(b) and 2(c) . Between the first two of these periods the satellite 100 returned to the reconnection layer (the regions between the two separatrices of the 101 reconnection) and observed a variable mixture of magnetosheath and magnetospheric 102 plasma, however between the second two, the spacecraft remained in the magnetosphere and 103 saw un-accelerated ionospheric ions (E < 20eV in Fig. 2e) , which caused N i to rise but T i to 104 fall without any sheath plasma being present. Thus THEMIS-E was seeing the arrival of the 105 low energy plasma as Fig. 1 (c) predicts it should. 106
There are some small intervals in these data that prove the putative ionospheric plasma in the 107 reconnection layer does indeed come from the unaccelerated population seen in the outer 108 magnetosphere. The first of these was a brief entry into an accelerated flow region near and ion edges, we should observe clear rotations of the magnetic field when the spacecraft 146 crossed the RD. We have plotted the 3D magnetic field vectors along the orbit tracks of 147 THEMIS E for the interval of 18:38:00-18:39:30 UT (Fig. 3a) . From Figure 3a, (Fig. 3b) . These suggest that there was an RD at the magnetospheric side of the reconnection 156 layer indeed. Ideal MHD simulation suggested that the ratio of upstream and downstream 157 magnetic field can be used to identify that the discontinuity is a slow shock or slow 158 expansion fan by using the following equation [28, 31] . η=(B /B )={1+β (1-P /P )} 160 where B t is the discontinuity tangential magnetic field and P is particle pressure, and 161 subscripts 1 and 2 represent to upstream and downstream of the discontinuity. For a slow 162 shock (SS), η<1, and for a slow expansion fan, η>1 , [28, 31]. In our case, the P 1 is about 163 0.02 nPa and P 2 is about 0.14 nPa, and the mean plasma shocks are that the magnetic fields are refracted towards the shock normal with a decrease of 166 their tangential component and total strength when the shock front passed them [28, 48] . In 167 our case, the magnetic field was refracted towards shock normal which is roughly 168 antiparallel to the boundary normal n due to the magnetopause inward motion during the 169 interval of interest, and the trangential component (roughly B L ) and total strength of the 170 magnetic field all decreased (Fig. 2 and Fig. 3a) . Thus, these calculations and observations 171 8 suggest that there were RD and SS been observed indeed when THEMIS E partially crossed 172 the reconnection layer. These are consistent with the time elapsed since reconnection of the 173 given field lines crossed. 174
Ion accelerations often occurred due to the dispersion of phase-steepened Alfvén wave 175 and/or through shock drift acceleration or diffusion shock acceleration when they crossed an 176 RD or SS [49] . Thus, the reverse "U" type structure in the low-energy ionospheric ions seen 177 by THEMIS-E suggests that these ions were step-like accelerated by the boundaries within 178 the reconnection layer, when the THEMIS-E crossed the separatrix, RD and SS on the 179 magnetospheric side and the SS on the magnetosheath side, respectively (Fig. 4) . The energy 180 of the ions also seems step-like decrease when the spacecraft moved back and crossed these 181 boundaries again to the magnetosphere due to the sunward and northward motion of the 182 reconnection layer (schematic shown in Fig. 4) . Although the 3s time resolution of the 183 THEMIS data may trend to make the ion spectrum looks stepped, it still can clearly show 184 that the accelerations associated with the boundaries within the reconnection layer make the 185 ion energy sharply increase in a very short time interval. 186
To escape the magnetosphere, ions must reach beyond the tail reconnection site before the 187 re-closure of magnetic field lines (as for the red trajectory in XZ GSE and XY GSE plane (GSE is geocentric solar ecliptic coordinate system). 368 
